This study is done to evaluate the antioxidant effect of Lactoferrin (LF) on liver injury induced by Diazinon (DZN). Seventy five rats were divided into five groups, each group contains 15 rats; control (G1): (no treatments), Lactoferrin (G2): (LF, 100 mg/kg bw orally daily for 6 weeks), diazinon (G3): (DZN, 70 mg/kg bw orally, daily for 4 weeks), DZN +LF (G4): (DZN, 70 mg/kg bw orally, daily for 4 weeks followed by LF, 100 mg/kg bw orally daily for 2 weeks, and (LF +DZN) group (G5): (LF, 100 mg/kg bw orally daily for seven weeks and DZN, 70 mg/kg bw for four weeks only started at the second week of the experiment).Total leukocyte count (TLC) and differential leukocyte count (DLC) were checked in whole blood, cytokine IL-10, total proteins(TP) and protein electrophoresis were checked in serum. In comparison to control group, WBCs found increased significantly in DZN group(P<0.005) and IL-10, TP, albumin, and globulin were found significantly decreased too. In comparison to DZN group, WBCs and IL-10, levels were found significantly increased in (DZN+LF) group (P < 0.05), TP, albumin, and globulin levels were also found significantly increased (P < 0.05), WBCs found significantly decreased in (LF+DZN) group and IL-10, TP, albumin, and globulin were found significantly increased too(P < 0.05) .
INTRODUCTION
Lactoferrin (LF), a member of the transferrin family, strongly binds two ferric ions, plays notable roles in host defense against infections, immunomodulation, prevention from oxidative stress by binding pro-oxidative iron ions, cell growth regulation and inhibition of binding of lipopolysaccharides to bioactive cellular molecules (Haversen et al., 2002, Farnaud and Evans, 2003) . Immune modulatory actions of LF are mediated by modulation of cytokine production, since LF has been shown to decrease TNF-α, IL-1 β and IL-6 production in vitro in human mononuclear cells, (Crouch et al., 1992) and in vivo in mice (Zimecki et al., 1998 and Kruzel et al., 2002) . The increase of serum cytokine and acute phase protein occur early in disease progress even before the observation of clinical signs, are in correlation with more individual assessment of pain and distress. Considerable acute-phase proteins migrate in α, β, and γ fractions. Thus progressive variation in serum albumin and globulin levels may provide
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BENHA UNIVERSITY FACULTY OF VETERINARY MEDICINE early and worthy diagnostic information and prognosis in dealing with clinical conditions of animals. In recent studies done by Yen et al., (2011) a high dose of pLF led to significant increases in serum IgA, IgG and IBD-specific anti-bodies. Diazinon (DZN) is a worldwide organophosphorus (OP) insecticide, used in many different fields concerning agriculture and domestic uses (Garfitt et al., 2002) . It was puzzle out in Recent studies that acute and chronic toxicity of organophosphorus insecticides (OPIs) depends on induction of oxidative stress through generation of free radicals or reactive oxygen species (ROS) and adversely affect on antioxidants scavenging enzymes in mammals and other organisms in different tissues (Ogutcu et al., 2006) ,that according to Hilal et al., (2015) DZN induces significant liver damage.
Materials and methods

Experimental animals:
Seventy five male Wistar rats weighing about 140-180 gm were obtained from the Animal House, Faculty of Veterinary Medicine, Benha University, Egypt. All animals were caged and maintained on a standard pellets diet, with free access to tap water and were acclimatized for one week before fulfillment of the experiment. Body weights of experimental rats in all the groups were weekly estimated to adjust the dose of applied chemicals using an electronic balance.
Chemicals: Diazinon (DZN)
Diazinon 60% (Emulsifiable concentrate) containing 60% active ingredient was obtained from High Control Company, Cairo, Egypt. It was dissolved in distilled water to obtain the required dose concentration (70mg/Kg bw). (El-Shenawy et al., 2010) Bovine Lactoferrin (LF) Bovine Lactoferrin (LF) was provided by Jarrow Formulas (Superior Nutrition and Formulation, Los Angeles). LF was prepared to give a required dose concentration of (100mg/Kg bw) by dissolving LF in distilled water. (Aytül et al., 2010) 
Experimental design:
The design is shown in table 1.
Blood samples:
Blood samples were taken from each animal under light ether anesthesia by puncturing the retro-orbital venous plexus of the animal with a fine sterilized glass capillary tube. The samples were divided into two parts: Samples for the WBC and DLC, were collected in EDTA tubes and evaluated by using Automatic cell counter (H.A-Vet clindiage, Belgium) which depend on both electrical and optical techniques according to (Knapp et al., 1996) , and samples for determination of total proteins, serum protein electrophoresis, and Cytokines (IL-10) were collected in a plain tubes; the blood was allowed to stand at room temperature for at least 30 minutes then centrifuged at 3000 relative centrifugal force (rcf) for 15 minutes. The serum was collected in sealed 1.5 ml Eppendorf tube and stored in deep freeze (-20°C) . Serum total proteins were determined by the reaction described by Weichselbaum (1946) . Serum protein electrophoresis was performed according to the method described by Keyser and Watkins, (1972) . Samples were taken after 4 th , 5 th , and 6 th weeks post DZN administration.
Statistical analysis:
Data were analyzed using SPSS 11.0 for windows. The significance was calculated using one-way analysis of variance (ANOVA) and followed by Tukey multiple comparison procedure to calculate the significance. P< 0.05 value was taken as statistically significant.
RESULTS
At the first collection (5 th week), In comparison to control group (group 1) rats treated with LF (group 2) showed significant increase in total WBCs, accompanied by significant increase in IL-10 and significant increase in globulin, alpha1, alpha2, beta, and gamma globulin, and significant decrease in A/G ratio and no significant change in total protein and albumin. Rats intoxicated with DZN (group 3) showed significant increase in total WBCs granulocytes, lymphocytes, and monocytes, significant decrease in IL-10 concentration, significant decrease in total protein, globulin, beta, and gamma globulin, significant increase in A/G ratio, and no significant change in albumin, alpha1, alpha2in comparison to control group (group 1).
In comparison to DZN group (group 3) rats treated with LF after intoxication with DZN (group 4) showed no significant change in leukocytes and differential leukocytes counts, and also no significant change in IL-10 concentration, total protein, and protein electrophoresis estimations. Rats in (group 5) showed significant decrease in total WBCs and granulocytes, and revealed no significant change in lymphocytes and monocytes, accompanied by significant increase in IL-10 and significant decrease in alpha1, and beta globulin, significant increase in total protein, albumin, gamma globulin, and no significant change in, globulin, A/G ratio, and alpha2
At the second collection (6 th week) in comparison to control group (group 1), data of rats treated with LF (group 2) showed significant increase in total WBCs, granulocytes, and monocytes, accompanied by significant increase in IL-10 concentration and significant increase in total protein, alpha1, and gamma globulin, and no significant change in, albumin, globulin, A/G ratio, alpha2, and beta globulin. Rats intoxicated with DZN (group 3) showed significant increase in total WBCs, lymphocytes, granulocytes, and monocytes, significant decrease in IL-10 concentration, significant decrease in total protein, globulin, alpha1, alpha2, beta and gamma globulin, and no significant change in albumin. In comparison to DZN group (group 3) rats treated with LF after intoxication with DZN (group 4) showed significant increase in total WBCs and granulocytes, and significant decrease in lymphocytes, accompanied by significant increase in IL-10 concentration and significant increase in total protein, albumin, globulin, alpha1, beta, and gamma globulin and no significant change in A/G ratio, alpha2.Rats treated with LF as prevention to toxicity of DZN (group 5) showed significant decrease in total WBCs, lymphocytes and monocytes but no significant change in granulocytes, accompanied by significant increase in IL-10 concentration and significant increase in total protein, albumin, globulin, A/G ratio, alpha1, alpha2, and gamma globulin, and no significant increase in beta.
At the third collection (7 th week), in comparison to control group, rats treated with LF (group 2) showed significant increase in total WBCs, and no significant change in granulocytes, lymphocytes, and monocytes, significant increase in IL-10 concentration and significant increase in albumin, A/G ratio, alpha1, significant decrease in globulin, alpha2, beta, and gamma globulin, and no significant change in total protein. Rats intoxicated with DZN (group 3) showed significant increase in total WBCs, and no significant change in granulocytes, lymphocytes, and monocytes, accompanied by significant decrease in IL-10 concentration, significant decrease in total protein, albumin, globulin, alpha1, alpha2, beta and gamma globulin, and no significant change in A/G ratio.
In comparison to diazinon group (group 3) rats treated with LF after intoxication with DZN (group 4) showed significant decrease in total WBCs and no significant change in granulocytes, lymphocytes, and monocytes, significant increase in IL-10 and significant increase in total protein, albumin, globulin, A/G ratio, alpha1, beta and gamma globulin, and no significant change in alpha2.Rats treated with LF as prevention to toxicity of DZN (group 5) showed significant decrease in total WBCs and no significant change in granulocytes, lymphocytes and monocytes, significant increase in IL-10 and significant increase in total protein, albumin, globulin, A/G ratio, beta, and gamma globulin, and significant decrease in alpha1, alpha2. Results are expressed as mean ± S. E. M.
Different subscripts (a, b, c, d, e) at the same column indicate significant differences at P>0.05 This result of the leukogram picture demonstrate the regulatory role of LF in immunity system against the destructive effect to leukocytes by DZN, which agrees with Ward and Conneely (2004) they reported that the Up and down regulation of the immune system of LF in vivo by evidence for regulatory role of LF in the immune system and agrees also with Zimecki et al., (2001) according to him the effects of LF in experimental models were variant and dependent on an individual PBMC reactivity, mitogen or alloantigen and LF concentration, and that results suggest that the differential action of LF might be due to its ability to sense the activation status of lymphocyte. So our current results agrees also with Takakura et al., (2004) he reported that a role of LF in the increased recruitment of neutrophils in blood, thus protecting mice from bacteremia also showed that alleviation of oral candidiasis by LF feeding to mice is correlated with the enhancement of the number of leukocytes and their cytokine responses in regional lymph nodes against candida infection. And Wakabayashi et al., (2003) who recorded an increased number of natural killer (NK) cells, increased phagocytosis -enhancing effect, and an increased recruitment of neutrophils in blood and modulation of myelopoiesis made by LF.
This result of leukocytes counts was accompanied by cytokine IL-10 changes within the different groups; while rats treated with LF (group 2) in comparison to control group (group 1),and rats treated with LF after intoxication with DZN (group 4), rats treated with LF as prevention to the toxicity of DZN (group 5) in the comparison to the DZN group (group 3) showed significant increase in IL-10 at the three collections (5 th , 6 th , and 7 th week), rats intoxicated with DZN (group 3) showed significant decrease in IL-10 at the three collections (5 th , 6 th , and 7 th week).
The current results express clearly the effect of the DZN as an oxidative stress inducer and the antioxidant effect of LF which agrees with Guillen et al., (2002) who recorded that an up regulation of antiinflammatory IL-4 and IL-10 was found after LF administration in rats with colitis. Also agrees with Togawa et al. (2002) who reported that Bovine LF regulates cytokines production by splenocytes of obstructive jaundiced rats. In addition, LF enhances the secretion of the anti-inflammatory cytokines IL-10 and IL-4, and reduces colitis in rats.
Changes of albumin and globulin levels give an early, trustee diagnostic information and prognosis, so Protein electrophoresis is a considerable conventional asserted technique to estimate the components of protein of serum plasma in human and animal. In the current study rats treated with DZN showed significant decrease in total proteins (TP) through the three collections (5 th , 6 th , and 7 th weeks), accompanied by increased A/G ratio at the first and second collections (5 th and 6 th weeks), significant decrease in globulin through the three collections (5 th , 6 th , and 7 th weeks), accompanied by significant albumin level decrease in the third collection, thus according to these result of this study we suggest that DZN induced liver damage and dysfunction, which agrees with Chatterjea and Shinde (2005) they recorded a noticed increase in aminotransferase levels of (ALT and AST) and the level of ALP as well as the decrease in the levels of total protein and albumin in the serum, as the major diagnostic symptoms of liver diseases. And also agrees with Mossa et al (2011); Gomes et al., (1999); Srivastava and Raizada (1999) they showed that OPIs (e.g., diazinon) caused an increase in activities of ALP, ALT and AST enzymes. And disagrees with Mansour et al., (2010) who reported that the increase of total protein and A/G ratio in DZN -treated groups may be due to liver dysfunctions and high elevation of the plasma enzymes, and Abdel-Tawab et al., (2012) who recorded an increased levels of total proteins and decreased levels of A/G raio in rats intoxicated with DZN.
In the current study rats treated with LF showed significant increase in total proteins TP at the second collection only (6 th weeks), accompanied by decreased A/G ratio at the first collection (5 th weeks), and increased A/G ratio at the third collection (7 th weeks), significant increased globulin levels at the first collection (5 th weeks) and decreased levels at the third collection (7 th weeks), accompanied by significant increased albumin level at the third collection. (Group 4) showed significant elevation in TP, albumin, and globulin at the second and third collections (6 th , and 7 th weeks), (group 5) revealed significant elevation in TP, albumin, and globulin at the three collections (5 th ,6 th , and 7 th week). These findings may give us an indication of the destructive effect of DZN and the modulator property of LF, both groups (group 4 and group 5) showed significant increase in A/G ratio at the Third collection (7 th week). LF possess an immunomodulator and protective role in liver injury induced by DZN This agree with a study done by Akihio et al., (2009) who recorded a decrease in ALT and AST after treatments with different levels of PEGylated LF and native LF in rats intoxicated with CCL4.
Serum protein or peaks visualized by electrophoresis include albumin and α1, α2, β, and γ globulins, among the globulins α1 and α2 include many of the diagnostically important acute phase proteins (for example, α2 macroglobulin, haptoglobulin), whereas β globulin include other acute phase proteins in addition to complement and various proteins important for coagulation. The γ globulin include the immunoglobulins (IgA, IgM, IgE, and IgG), in this study rats treated with DZN (group 3) showed significant decrease in γ globulins through the three collections (5 th , 6 th , and 7 th weeks), at the same time rats treated with Lactoferrin (group 2) showed significant increase in γ globulins through the three collections (5 th , 6 th , and 7 th weeks), α1, α2, and β globulins did not show a stable result that we can build any suggestion concerning them.
For the immune influence and protective effect of LF we concluded from this study, we found that many other studies are concordant with it; Kruzel et al., (2002) ; Lee et a., (1998); Zimecki et al., (2004) they suggested that LF has an anti-inflammatory effect that down regulates the immune response prevents septic shock and mortality, Actor et al.,(2009) mention that LF also plays as a promoter of the immune system. LF promotes the maturation of T-cell precursors into competent T helper cells and stimulates the differentiation of immature B cells into functional antigen presentation cells. And with recent studies done by Chih-Ching et al., (2011) on the effect of porcine LF (pLF) on avian immunity are in agreement with these findings. Recombinant pLF was used as a feed stuff additive in chickens vaccinated for the infectious bursal disease (IBD), a worldwide viral disease of chicken with high mortality. A high dose of pLF leads to significant increases in serum IgA, IgG and IBD-specific anti-bodies. This may explain the increase of globulin especially gamma globulins in rats treated with LF in our study.
In conclusion, Respond of immune system to lactoferrin influence depends on host individual PBMC reactivity, mitogen or alloantigen and LF concentration, thus LF can play as a good immune modulator and can help in tissue recovery. Use of LF as prevention gives better result than using it as treatment drug. More studies should by committed on LF and through assessment of serum cytokines and protein electrophoresis.
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